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Abstract

Numerical modelling of tidal circulation and studies on salinity distribution in Mandovi and Zuari estuaries

The estuaries on the west coast of India are unique in their physical and bio-geochemical
features and the Mandovi and Zuari estuaries are two of these estuaries. Monsoon is a
typical feature of this region. The south westerly winds blowing from the Indian Ocean
bring heavy rainfall into the Indian subcontinent during June to September and these estuaries
receive heavy river discharge during this period. Hence they are often called as
“monsoonal estuaries”. Rainfall and subsequent discharge flushes out salinity very fast
from these estuaries into the sea during southwest monsoon. Salinity in these estuaries
undergoes intraseasonal variations during this period. Tidal dynamics, salinity distribution,
flushing time etc. in an estuary are to be studied in detail for navigation, fishing,
dredging and recreation purposes and also to determine the effects of oil spills, disposal
of sewage and other potentially harmful wastes.

For the present study, the Mandovi and Zuari estuaries were chosen. These estuaries
represent the other estuarine systems on the west coast of India in terms of tidal characteristics,
channel convergence, heavy fresh water discharge etc. In addition, the Mandovi
and Zuari estuaries play a vital role on the regional economy as these channels are
exclusively used for the transportation of iron and manganese ores from their upstream
regions to the nearest Port, Mormugao, which is one of the major ports along the west
coast of India. The Mandovi and Zuari estuaries are connected by a narrow canal called
Cumbarjua at their upstream regions. A number of tributaries also join the Mandovi and
Zuari estuaries. Previous studies on tides and salinity in the Mandovi and Zuari estuaries
were limited to observations [Thomas et al., 1975; Varma et al., 1975; DeSousa, 1977;
DeSousa et al., 1981; Qasim and Sengupta, 1981; Shetye et al., 1995; DeSousa, 1999b].
Shetye and Murty [1987] used a one dimensional numerical model for the simulation of
salinity in the Zuari estuary. Unnikrishnan et al. [1997] used a one dimensional network
model for the simulation of tidal decay during southwest monsoon at the upstream regions
in the Mandovi and Zuari estuaries. Tide is major driving force in an estuary and tidal
asymmetry can change the duration of flood and ebb in an estuary. Though many studies
[Unnikrishnan et al., 1999a; Shetye, 1999; Unnikrishnan and Luick, 2003; Sundar and
Shetye, 2005] were conducted to understand the variation of major diurnal and semidiurnal
constituents in the gulfs and estuaries on the west coast of India, no detailed study
was undertaken to know the variations of overtides (M4,M6) and compound tides (MSf,
MK3, MN4, MS4) inside an estuary. The overtides and compound tides have major role
on tidal asymmetry inside the estuaries. 

Tidal asymmetry has important effects on both the geological evolution of shallow estuaries and the navigability of estuarine channels [Aubrey and Speer, 1985; Speer and Aubrey, 1985]. The aim of the present thesis is to simulate tides and salinity distribution in the Mandovi and Zuari estuaries using a hybrid network numerical model. The main objectives are (i) to study the tidal characteristics such as the longitudinal variation of tidal amplitudes during dry and wet seasons, freshwater influence on tides and the tidal asymmetry caused by overtides and compound tides
(ii) to study the longitudinal variation of salinity distribution and freshwater influence on
salinity distribution and (iii) to study the intraseasonal variations of salinity in the Mandovi
estuary during southwest monsoon with the help of salinity measurements made in
the estuary.

Chapter 1 of the thesis presents an introduction to the study area, the previous studies
by earlier researchers and the objectives of the present study. Chapter 2 deals with the
data and methodology. A hybrid network numerical model was developed to simulate
tidal elevation, tidal currents and salinity distribution in the Mandovi and Zuari estuaries.
The hybrid network model consisting of a vertically averaged 2D model for the downstream
regions in the Mandovi and Zuari estuaries and an area averaged 1D model for the
upstream regions in the Mandovi, Zuari and for the Cumbarjua canal are described. The
finite difference numerical scheme was used for solving partial differential equations of
motion, continuity and advection-diffusion equation of salinity. The bathymetry data of
the Mandovi, Zuari and Cumbarjua channels were obtained by digitizing the bathymetry
maps (1968-1969) of minor ports survey organization, Ministry of Shipping and Transport,
Government of India. The monthly mean averaged discharge data (1993) at Ganjem,
an upstream station in the Mandovi estuary were used for prescribing river discharge at
the upstream end boundaries of the model domain. The continuous measurements of
tides and salinity in April and August, 1993 were used for the validation of the model
and tidal measurements in March–April, 2003 were used to the study the tidal asymmetry
in these estuaries. Salinity measurements made along the longitudinal sections in the
Mandovi during the selected days of 2005–2007 were analysed to study the intraseasonal
variations of salinity during southwest monsoon.

Chapter 3 describes the simulation of tides, freshwater influence on tides, tidal currents
and harmonic analysis of observed and simulated tides. The simulation of tidal
currents were carried out using the numerical model described in Chapter 2. To simulate
the tidal constituents and to study tidal asymmetry in the Mandovi and Zuari estuaries,
the 35-days measurements of sea level were used for the harmonic analysis, and this onemonth
data was sufficient to resolve major diurnal and semidiurnal constituents, overtides
and compound tides. Thereafter, the harmonic analysis of both observed and simulated
tides was done. To find the difference between observation and model simulation, the
complex difference module was calculated. The complex difference module gives synthetic
information of the difference in both amplitude and phase of the observation and
simulation. It was found that the model simulated tides successfully during dry and wet
seasons in the Mandovi and Zuari estuaries. The results from the study show that fairly
strong tidal currents in the absence of river discharge mix the water column vertically in
the Mandovi and Zuari estuaries during dry season. During wet season, the velocity associated
with river discharge prevents upstream propagation of tides. The rapid increase
of the first and second harmonics of M2 and compound tides inside these estuaries show
the non-linear response of the Mandovi and Zuari estuarine systems to the tidal forcing.
The M4/M2 amplitude ratio indicates that the tide is subjected to more asymmetry in the
Zuari than that in the Mandovi. The increase of the first harmonic of M2 and decrease
of relative surface phase (2M2 −M4) inside the Mandovi and Zuari estuaries show that
these estuaries are flood dominant.

Chapter 4 deals with the salinity distribution in these estuaries. The simulation of
the longitudinal variation of salinity during dry and wet seasons, freshwater effect on
the salinity distribution and the intraseasonal variations of salinity during wet season are
described in this Chapter. The analysis of salinity measured during the selected days of
2005–2007 in the Mandovi estuary shows the intraseasonal variation of salinity during
southwest monsoon. The residual circulation and flushing time in the Mandovi and Zuari
estuaries were also determined.

